Title: Evolving New Molecular Function 

Inventor: Liu et ol. 

Serial No.: 10/643,752 

Atty Docket No.: f LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 1 of U4 



1/114 



G 



JAN 2 0 2004 ^ 



0 \_r 



llll II 



HO X 



o 



X = H, OH 



Ov ^base 




base 1 



X 



nun 



basenim 



A 



^basei 



(L.Orgel) 



O v OH 




(X ^baseiNin 



A 



base 



* v° 




On. ^base 



X = S, Se 
Y = OTs, I O 



(R. Letsinger, E. Kool) ° 



^base 



A 



y 

^base 



V 

- / LG 
O H 2 N 




^base 



a. o 



(X ^base 



A 



A 



linn 



FIG. 


FIG. 


1A 


1B ! 



(G. von Kiedrowski) O 



FIG. 1A 



FIG. 1 



Title: Evolving New Molecular Function 

Inventor: Liu et al. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 2 of 114 

2/114 



Ov ^ base a ^ k« m 

jJ^ o ^^. 0 \> base """ 

[H]^ i 

lT~ r\ i V ^v./O v jDase 

° H = N ^CT (D.Lynn) " H 

V 

CX ^base 

^ /O^ ^base 

N o 



J— ' p 

(G. Joyce, S. Kent) 




v 

base-... -base-"' 



N 

H N 




Y~ OR /\ . ► \— ^--base 

O H 2 Nf^ v / 






O 

O (P. Nielsen, L. Orgel) 



N" 

O 




FIG. 1B 



Title: Evolving New Molecular Function 

Inventor: Liu et a!. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 3 of 11 4 - Replacement Sheet 



3/114 



REACTIVE 
UNIT 



X 



zzzzz 



LINKER 



CODON 



REACTION 
PRODUCT 

( 



3' 



I 




5' 



5' 



CODON 



Z3/ TRANSFER UNIT 



ANTICODON 



TEMPLATE 



3' 



3' 



FIG. 2 



~ TRANSFER UNIT 2 ^ 

^ANTICODON 2 \ j j j 5 ^ TRANSFER UN|T , 

^ ANTICODON 1 



JZZZZZ ixWAi 



5' CODON 1 CODON 2 3* 



REACTION 
▼ PRODUCT 




ezzzz txwxM 

5' CODON 1 CODON 2 3' 

FIG. 3 



Title: Evolving New Molecular Function 

Inventor: Liu et al. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 4 of 114 ^ 

4/114 



HYBRIDIZE 



7 



j xvpsx ^^T^ 

vg/ lUj ^ [Dj v^/ ^/ 



POLYMERIZATION 




FIG. 4 



Title: Evolving New Molecular Function 

Inventor: Liu et a!. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 5 of 114 

5/114 




Title: Evolving New Molecular Function 

Inventor: Liu et a!. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 6 of 114 

6/114 



ANTICODON 1 

3V 5' 
vizzzzzzzy 



FIG. 6A 5' CODON 1 CODON2 3' 



ANTICODON 1 
3' 5' 

NtZZZZZZZy 

FIG. 6B 5* CODON 1 CODON 2 3' 



ANTICODON 1 
3' 5' 

FIG. 6C 5' CODON 1 CODON 2 3' 



ANTICODON 1 
3 ' 5' 

FIG. 6D 5' CODON 1 CODON 2 3' 



ANTICODON 1 
3 ' 5' 



FIG. 6E 5' CODON 1 CODON 2 3' 



Title: Evolving New Molecular Function 

Inventor: Liu et a!. 

Serial No.: 10/643,752 

Atty Docket No.: LS 5 -001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 7 of 114 

7/114 




Title: Evolving New Molecular Function 

Inventor: Liu et al. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 8 of 114 



8/114 




00 



Title: Evolving New Molecular Function 

Inventor: Liu et at. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 9 of 114 



9/114 




CD C ^ 

e 9> Si 



Title: Evolving New Molecular Function 

Inventor: Liu et al. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 10 of 1 14 

10/114 




1 nM 1 jaM 1 mM 
[TARGET] 

FIG. 10 



Title: Evolving New Molecular Function 

Inventor: Liu et al. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 11 of 114 

11/114 




Title: Evolving New Molecular Function 

Inventor: Liu et al. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-00.1 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 12 of 114 



4-1 

LO 
_Q 

CO 



CO 
-Q 

CO 



12/114 



o 



cu 

4-* 



CO 
CO 




o 
I 

U 

o 



42 

.8 

O 




to 



a; 
2 

CO 



CO 



o 

I 

in 
x 



c 
o 

u 

<D 
CO 

c 
o 

4-» 

E 



■a 
c 

o 

CD 



X3 a; 

U > N - 

CO = ~ 

cu to £ S 

4-j ru c 

ru jo .- 



rsi 




C£ CU ru 

c-> c k 

Q. 12 cu 

e aj c 



O 

I 

4-» 
U 

o 



iS 

8 



Title: Evolving New Molecular Function 

Inventor: Liu et al. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 13 of 114 




CO 



X 





"5.12 
E « c 



u 

O 



u. 



s 

S 
■8 

03 



Title: Evolving New Molecular Function 

Inventor: Liu et al. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 14 of 114 



CNJ 

d 



14/114 



CO 

d 




Title: Evolving New Molecular Function 

Inventor: Liu et oi. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US * 

Sheet 15 of 114 




Title: Evolving New Molecular Function 

Inventor: Liu et aL 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 16 of 114 



16/114 




Title: Evolving New Molecular Function 

Inventor: Liu et at 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 17 of 114 



17/114 



i_ 
O 



UO h- CD H 

6 o 



CO 



uj uj ^ I v 

CO CO f LT) 

v-^y ° I J S 

<=r i — 

li 



I — <C 

1 1 in 

i i o S ^ 

i i 

<C r— 
I I 



no 



i 

i i 

> 1 c 

^ <J? ~ 

I I 

<t I- 

I I 

I I 

I > 

I » ~ 



• J 



i 



U LO 

E Id 

.52 cu 



Title: Evolving New Molecular Function 

Inventor: Liu et al. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 18 of 114 

18/114 



o 



n 



SH 

^x-x-x-x-x-x-x-x-x-x-s • 

-A-C-G-A-A-T- T-C-G-A-C-T-C-G-G-G-. . . 3' 

bases * \seq id no: 8) 



80 



^5 



60 



-*-» 40 



T3 
O 




t/y<- ~~- 



r 

If/ /< - 

•if / ✓ * 



— n=1 

n=3 

n=6 

n=10 

n=20 

n=1, mis 



-n=2 

n=4 

n=8 

n=15 

n=30 



20 40 60 80 100 120 

time (min) 



FIG. 18 



Title: Evolving New Molecular Function 

Inventor: Liu et at. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 19 of 114 



19/114 




Title: Evolving New Molecular Function 

Inventor: Liu et ah 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 20 of 114 . , 

20/114 



O 
CM 



oo 

d 




o 



O 
LO 



O 



o 

CO 



c 
E 

E 



o 

r\i 



_ o 



z 

c 




z 
c 


c 


LO 




LO 


LO 


rsi 


LO 


rsi 


fM 


i-H 


r\i 




tH 










CO 




in 




E 


E 
• 


'& 


E 


1 

+ 


• 
• 

i 
t 

t 




i 






Z 


Z 


c 


Z 




c 


LO 


a 


LO 


LO 


rsi 


lo 


rsi 


rsi 


■ 

T 1 


vSJ 




■ 

i i 










O 


o 


o 


o 


T-l 


i-H 


rH 


-i-H 


II 


II 


II 


II 


c 


c 


cz 


c 


{ 


i 

> 

■ 
I 
■ 


■♦ 


• 
1 

I 

1 


z 






z 


c 


z 


c 


c 


LO 


c 


LO 


LO 


rsi 


LO 


rvi 


rsi 


i-H 


rsi 


vo 


tH 


tH 






i— 1 


II 


II 


II 


II 


c 


c 


C 


c 



(%) P|9!^ :pnpojd 



Title: Evolving New Molecular Function 

Inventor: Liu et ai. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 21 of 114 

21/114 



° T3 O LO 

r< LO c 52 CO 
O CM t o Z~ 

Q i- CD g CD 



CO 00 ^ 

111 

- a 

LU 

=^ CO 



< 




< 

CNJ 



Title: Evolving New Molecular Function 

Inventor: Liu et al. 

Serial No.: 10/643,752 

A tty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 22 of 114 



22/114 



o 

o o <d 



O CO 
Q> 
O -Q 

& c 

CD = 

CO 12 

D CO 
S CD 



CO 

CO o 

^ "O 

Q. CD 

E o 
o OT 



i- CM 



CO 
CD 



m 
i 

< 

CP ^ 

<c o 

VJP CD 

b g 

< ^ 

^ CD 

£ !i 



CO 



■o 
c 

CO 

^ "a 
CD 

■4— ■ 

o 
<d 

CD 
CO 

c 



O o 

^ O 

^ c 

3 < 

cp 



c 
o 

CO 

< <D 

Q ^ 

s| 

CD O 
-i— • 

§1 

CO cr 
sz CD 

O CO 



no 
i 

< 

C? 

<: 

^> 
<: 

i— 
<c 
<c 

h- 
<t 

<t 

<t 
r— 



a 

LU 

-CO 



CD 

CNJ 



LO 



Title: Evolving New Molecular Function 

Inventor: Liu et at. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 23 of 114 



23/114 




3' — GGT AT CNN G NT NGN CGGCGG — 



template pool 
,' ; before selection 




non-biotln 
encoding 



(residues 30-1 1 of 
SEQ ID NO: 11) 



3' — GGT AT CAC C CGT CACGG CGG- 



template pool 
after selection 




biotin 
encoding 



(residues 30-1 1 of 
SEQ ID NO: 10) 



FIG. 22A 



Title: Evolving New Molecular Function 

Inventor: Liu et al. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 24 of 114 



24/114 




anneal reagent 
library 




codon 1 



templated synthesis, 
cleave linker 




anneal next 
reagent library 




/www 



codon 2 
reagent 2 -linker 

react, repeat 



E 



-o 

CD 
C 



u 

CO 



o 

"lo 
c 

<u 

X 

<u 
E 




PCR 
amplify, 
diversify 



FIG. 22B 



Title: Evolving New Molecular Function 
, Inventor: Liu el al. 
Serial No.: 10/643,752 
A tty Docket No.: LS5-001 (9792/5) 
Atty/Agent: Brian A. Fairchild 
Express Mail Label No.: EL932952135US 
Sheet 25 of 114 



0 s 

> 



00 



o 



u 

=3 
"O 
O 




CO 

c 
o 

c 

o 
u 



< CD 



CO| 




LO 



<l 



CM 

X 



f\l 

X 



25/114 



in 





< 

CO 
CN 

CD 






Title: Evolving New Molecular Function 

Inventor: Liu et al. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 26 of 114 



A 





X 

rsi 

o 
u 



-r 



X 

r\i 

o 
u 




26/114 



IE CD 

II II 

co rsj 



LO 




00 

CO 
CM 



X c 



x + b 




CM 




Title: Evolving New Molecular Function 

Inventor: Liu et at. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 27 of 114 



27/114 





Title: Evolving New Molecular Function 

Inventor: Liu el al. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 28 of 114 



28/114 




Title: Evolving New Molecular Function 

Inventor: Liu et al. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 29 of 114 



29/114 



3 x 
+ 

00 




in 



in x 



+ 



+ 



X 



3 >< 



+ 
o 



10 
+ 



in 
+ 



u 

(D 



(A 
(A 



4) 
U 
(0 



Title: Evolving New Molecular Function 

Inventor: Liu el at. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) <r- 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 30 of 114 



30/114 

LO 



-5 

CD 
> 



LO 



LO 

ro 



fN 



00 



T3 

CD —5 
fU c c 

o_o o 

1*1 

< E£ 

Q 



u 
o 



4 

xk 



4 

xk 



1 



o 
Ox 




4 

xk 



col 




O 



O 



^yX, 



xk 



xk 



oo 



xk 



in <| 



O 

xk 



X 



o 

xk 



4* 

xk 



4- 

xk 



Title: Evolving New Molecular Function 

Inventor: Liu et al. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 31 of 114 

31/114 



0 s 



VD 

oo 

LD 



lo 
oo 

LO 



LO 




\ / 5 



<l 



llll^ 

i 



o 
in 



Mill/ 

)=o )=o 

Z IZ 



o 




(N 



iz 



o 
in 



Title: Evolving New Molecular Function 

Inventor: Liu et oL 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 32 of 114 

32/114 



n 



o 

00 



CO 

cu 
to 
cu 



cu 
cu 

p 

CD — 
CU C c 

ru cu ^ 

1— 4— » fO 




< 

CO 
CN 



o 

II 

c 



II 



o 
II 



o 
II 

c 

o 
II 



(au|| piios) 
uopeiujoj ipnpojd jo a^ej 



o 



in 



o 
oo 



o 



CO 

CO 
CM 



in 



c 

cu 
E 



Title: Evolving New Molecular Function 

Inventor: Liu et al: 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 33 of 114 



33/114 



O 



OTMS 



H 2 0 
Ln(OTf) 3 
► 



OH O 

R 2 R 3 



o 



o 

R3V\ R 3 




R 4 O 



H 2 0 




Ri R4 



O 

R^H 



R 2 -NH 2 



OMe 



H 2 o 

Ln(OTf) 3 



R ^NH O 
Ri^^Rs 



o 

Ri A R 2 



H 2 0 



X=CI, Br 

M = In, Zn, Sn 



OH 



CH 2 (C0 2 Et) 2 




OAc 



H 2 0 
[Pd] 



R 




C0 2 Et 
C0 2 Et 



O 



H 2 0 




O R 



R 2 -NH 2 



CH 2 0 



' RN=CH 2 



H 2 0 

o 



R 



FIG. 27 



Title: Evolving New Molecular Function 

Inventor: Liue/fl/. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 34 of 114 



34/114 




s 



Title: Evolving New Molecular Function 

Inventor: Liu et al. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 35 of 114 . 

35/114 




Title: Evolving New Molecular Function 

Inventor: Liu et al. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 36 of 114 



36/114 



a6eAeap OI^N 



9;e|duja) 
paipieuussw + OT 

paipiBuu + OT 

a6BABap 8'TT Hd 
jaye l :pnpoJd 

3)9|duja) 
p8ip;euu + l 

8}e|duu9} 

PBL|D4BLUS!UJ + p 

9}e|dwa} 
paip;eiu + 

aieidiuai 
paipieiusiw + x 

a)B|daia) 
paipieuu + t 

A|uo t 



CD 

s 



X3 
CD 

.c: 



CD ^ 
<fl CD 

> 



J 



t3 



o 



to (U 



CT> 
CM 

(3 



Title: Evolving New Molecular Function 

Inventor: Liu et al. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 37 of 114 

37/114 




Title: Evolving New Molecular Function 

Inventor: Liu et al. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 38 of 114 



38/114 




9 9 

.E c E c 
>.2 >.o 



S 



■5? 
Cl 

E 





c 






GO 


O 






O 


!o 


/ate 


c 
cu 


CO 




temp 


+ Ch 


CD 
1 1 



Title: Evolving New Molecular Function 

Inventor: Liu et al 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 39 of 114 

39/114 

template 
bases 21-30 



template 




5'-NH. 



biotin HN-^ 



EDC, sulfo-NHS 
DNA-templated 
amide formation 
(step 1) 

Ph 



0-\ ° 

13 N \ J> 



HN— * 

>"OH 



template 



H I O o O O 

o hJ vJ h 



biotin 



capture with avidin-linked 
beads, elute with pH 11.8 
buffer 



tern i 



14 



Ph. 



NH 2 



anneal second reagent 



template 
bases 11-20 Ph^ 

template / ^^v^^^^%^V\/VV^- N y^nh- 



biotin HN— ^ 



1) DMT-MM (step 2) 

2) avidin beads, then 
pH 11.8 buffer 



S 



template WWW^N 



H PhV | ° 



HN-\ 

>-OH 
O 



15 A H 



NH; 




FIG. 31A 



Title: Evolving New Molecular Function 

Inventor: Liue/«/. 

Serial No.: 10/643,752 

A tty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 40 of 114 

40/114 



anneal third reagent 



template 




1) DMT- MM (step 3) 

2) avidin beads, then 
pH 11.8 buffer 



template 





FIG. 31B 



Title: Evolving New Molecular Function 

Inventor: Liu el al. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952I35US 

Sheet 41 of 114 



temp/ate 
bases 21 -30 



41/114 



template 




5'-NH. 



biotin HN^ y OH 

HO V"NH p 



EDC, sulfo-NHS 
DNA-templated 
amide formation 
(step 1, 77%) 

O 



O M 17 

\ OH 
Ph 



template 



O * OH O ? iotin 

H D1 V O OH H 18 
Ph 



18 

capture with avidin 
streptavidin beads, 
elute with NaI0 4 

? H ° 

V ° 



19 



template i ' 
bases 11-20 



anneal second reagent 
O ., o 



template'^^/S/'N/j^^ N^J^ N 

biotin HN - ^ ° h 

Q- H 
Ph' p \ T 



1) DNA-templated Witting 
olefination (step 2, 66%) 

2) wash with avidin beads 



template 



Ph 
20 

NH-dansyl 



Ph O 



O 



I 



Pti » » 



H 

•N-<jansyl 



FIG. 32A 



Title: Evolving New Molecular Function 

Inventor: Liu et at. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 42 of 114 



42/114 



anneal third reagent 



\ 



template 
bases 1-10 9 



oasesj-iu V h J fj 
template'V^VN^v^vvy^^ 

biotin \ P|? _ _ ^ H 




N ~dansyl 




22 




DNA-template conjugate 
addition (step 3, 75%) 



I X 

Wv^-N O 



O 

"0 A N^| O 

X " H S Jh 

template ^VN/VVVv^N'Y' N 

H * O 

Ph 



H 

N ~"dansyl 



23 



template 



24 



capture with 
streptavidin beads, 
elute with pH 11.8 buffer 

R3 O 

1 h s yV R2 

N l" N T R i = CH 2Ph 

" J O R2 = (CH 2 ) 2 



(CH 2 ) 2 NH-dansyl 
R3 = (CH 2 ) 2 NH 2 



Eg- 



£Z 

o 



i-H.2 2 O i-l 



CLU 



Ei3 



O 
U 



o 

C7> 

^ - > 

l/> fD U 



rsi.2 

CLU 



U 

Q_C 4-» 

to CI U 



CLU 
-C CD 



x en 



W t U (/) fD U 




FIG. 32B 



Title: Evolving New Molecular Function 

Inventor: Liu et ol. 

Serial No.: 10/643,752 

A tty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 43 of 114 



43/114 




Title: Evolving New Molecular Function 

Inventor: Liu et al. 

Serial No.: 10/643,752 

Atty DockerNo.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 44 of 114 



44/114 




Title: Evolving New Molecular Function 

Inventor: Liu et at. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 45 of 114 



45/114 



CNI 
C 

o 

CO 

c 

o 



O 
O 





IXXXX 


vxxxxx 










^^^^^^ 






















I 




kW 




' 1 . 1 



O 

oo 



o 

CD 



sO so 
O O 



d 



^ .2 



a 

CO 

d 



LU 



O 



p|8!A pnpojd 



oo 

II II II 

c d c 
□ □ 0 



GO 
LO 
CO 

d 




CO 

c 

"E 
< 

> 



2 



O 
O 









V/////////////, 


k\\\\\X\Vx\VxVxV 












x\\\Vv 



















O 
00 



O 
CO 



O O 



d 



a 



CO 

d 



LU 



O 



p|8!A pnpojd 



OO 

II II II 

c c c: 
□ □ E 



a 

m 

CO 

CD 



J2 
>% 
o 

< 

o 
c 

E 
< 



o 
o 




LO 

d 



CO 

d 



o 
O 



p|8!A pnpoJd 



oo 

t-i-CN 

II II II 

c: c: c 
□ □ 0 



c 
o 

■o 

CO 

o 

o 
>> 
o 

jo 
o 

b 

■ 



KNNWW 








O O 
CN 


O 
O 


< 




LO 




CO 




IG. 





O 
00 



o 

CD 



o 



o 

CNJ 



LO 

d 



S 



CO 

d 



piaiA pnpojd 



oo 

II II II 

c c c 
□ □ 0 



o 

LO 
CO 

CD 



Title: Evolving New Molecular Function 

Inventor: Liu et at. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 46 of 114 



46/114 



Architecture Buffer T m (°C) 



E(n = 


10) 


PBS 


45 


Q (n = 


10) 


PBS 


46 


E(n = 


10) 


HSP 


55 


Q (r? = 


10) 


HSP 


54 


E(n = 


20) 


PBS 


40 


Q (n = 


20) 


PBS 


39 



FIG. 36 



Title: Evolving New Molecular Function 

Inventor: Liu et al. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 47 of 114 



47/114 



□ n = 


-1 


□ n 


= 3 ; 


□ n = 


1 


□ n 


= 4 


□ n = 


2 


S n 


= 5 



T Architecture Reactions 



100% 




0% 



■111 




1 



1 



IP 



II II 



Amine 
Acylation 



I 



i 



Wittig 1,3-Dipolar Reductive 
Olefination Cycle-addition Amination 



FIG. 37 




FIG. 38A 



Title: Evolving New Molecular Function 

Inventor: Liu et at. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 48ofll4 



48/114 




Title: Evolving New Molecular Function 

Inventor: Liu et al. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

AUy/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 49 of 114 



49/114 



ca 



3r 



© 



© 






Title: Evolving New Molecular Function 

Inventor: Liu et al. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/ '5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 50ofU4 



50/114 



chiral abasic 
phosphoribose normal 
linker * DNA 




n * 



Me 

N. 



Br 

11 1 
nt nt 




HS 0 12 n ' 
nt nt 

FIG. 40B 



5.0- 
4.0- 
3.0- 
2.0- 
1.0^ 

o.o- 



1 



Title: Evolving New Molecular Function 

Inventor: Liu et at ? 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 5 1 of 1 1 4 - Replacement Sheet 



51/114 



o restoration from the 5 1 end 



5 



— 1 — 

7 



FIG. 40C 



—I — 

9 



11 



5.0- 



restoration from the 3' end | 



4.0- 
3.0- 
2.0- 
1.0- 



0.0 



1 



11 



FIG. 40D 



Title: Evolving New Molecular Function 

Inventor: Liu et at. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 52 of 114 

52/114 




Title: Evolving New Molecular Function 

Inventor: Liu et al. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 53 of 114 

53/114 



— o— Racemic 
— E»— R 



r 

i 
i 
i 


^.<Dr 




! 


■<> 


/ 
i 
i 
i 
/ 
/ 










9 / 

<> / 

""" 


— o 

















1 i 



0 200 400 600 800 1000 

Reaction Time (min) 



FIG. 42A 



Title: Evolving New Molecular Function 

Inventor: Liu et ai. 

Serial No.: 10/643,752 

A tty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 54 of 114 



54/114 



50 




40 



2 30 

> 
o 

"O 
P 



20 



10 





! 




! 




4> 


i 
i 
i 

/ 
$ 










/ 

/ 










/ 
/ 
/ 

J_ .^-^ 










V 
[/ 

r 








0 

L 



200 



400 600 
Reaction Time (min) 



800 



1000 



FIG. 42B 



Title: Evolving New Molecular Function 

Inventor: Liu et at. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 55 of 114 



55/114 





racemic, low salt 


— 0 — 


R, low salt 


— O— 


S, low salt 


X 


racemic, high salt 


— 1 — 


R, high salt 


— ■ & — 


S, high salt 



100 




0 100 200 300 400 500 600 700 800 
Reaction Time (min) 



FIG. 42C 



Title: Evolving New Molecular Function 

Inventor: Liu et ol. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 56 of 114 

56/114 





racemic, low salt 


— 0 — 


R, low salt 


— ■<]> — 


S, low salt 


X 


racemic, high salt 


— 1 — 


R, high salt 




S, high salt 




0 100 200 300 400 500 600 700 800 
Reaction Time (min) 



FIG. 42D 



Title: Evolving New Molecular Function 

Inventor: Liu el at. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 57 of 114 

57/114 




CO 



CO 



Title: Evolving New Molecular Function 

Inventor: Liu et oi 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 58 of 114 



58/114 





CO 



Title: Evolving New Molecular Function 

Inventor: Liu et at. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 59 of 114 



59/114 



o normal sequence 
5 M NaCI 

. normal sequence 
100 mM NaCI 



7^ 




r 
i 

t t 

I : 
I P 



V 

\ 



1 7 

i / 

1 1 

! * 



V 



no 



240 



270 300 
A (nm) 



330 



360 



FIG. 44A 



Title: Evolving New Molecular Function 

Inventor: Liu et at. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 60 of 114 



60/114 



a: 

CO 
i 

_i 

CO 



8 
4 
0 
-4 
-8 
•12 



-16 



. CG-rich sequence 
100 mM NaCI 

o CG-rich sequence 
5 M NaCI 







^ \ 


0 .* 


\ \ 


h X S 1 1 

^ / 


o 

p 

\ ? 
\ ? 


—t — *v- f 


Q P 


-V 





210 



240 



270 300 
X (nm) 



330 



360 



FIG. 44B 



Title: Evolving New Molecular Function 

Inventor: Liu et al. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 61 of 114 



61/114 




Title: Evolving New Molecular Function 

Inventor: Liu et al. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 62 of 114 



CM 

X 


CN 

X 


CN 


1 


1 

v/V 


1 


II 


II 


II 








lc: 


• • 

o 


• • 

m 



CN 

o 
o 



CN 

X 



II 

a: 



o 



a: 



ft ft ft 






CO 

i9 
o. 

E 



i 

i— 

cd 
cd 

5 „ 

o 

a5 
E 

I 



a: 



9 

a 
ui 

CO 



O u 

CD «V 
< « 

< 
CD 

CO 



to 



62/114 

2 X Z X 

vA/ ^A^ 

ii H M 




z x z x 

A, 

II 



> 



ii 

01 



Of 

• • 

IT) 



a) 

CO 

2 



I 

v/\/ 

II 



a: 
■ 

o 
o 

cd 
o 

I 

o 
cd 

s 

I 

Co 



I 



CD 

E 
■ 



I 

II 

en 
• • 

IT) 



a: 

cd 
o 
I— 
o 

I — 

o 



> 



i 



a: 



cd 

s 

CD 
I— 
O 



o 

cd-^ 

< a> 
P E 



I 



O 
■ 

Co 



CO 



oo 



O 
O 
CD 

o tr- 

t— & 

O E 
CD oo 

9^ 

Co 



Title: Evolving New Molecular Function 

Inventor: Liu et aL 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 
j Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 
, Sheet 63 of 114 

63/114 




Title: Evolving New Molecular Function 

Inventor: Liu et al. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 64 of 114 

64/114 



0> M 




Title: Evolving New Molecular Function 

Inventor: Liu et al. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-00! (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 65 of 114 



65/114 




Title: Evolving New Molecular Function 

Inventor: Liu et al. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 66 of 114 



66/114 



a 
in 

CO 



CN4 



CO 

CVJ 



1^- 

CM 



CO 
CsJ 



CD 
CNI 



o 

CO 



V© 



^ 6 




CD 



Title: Evolving New Molecular Function 

Inventor: Liu et al. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 67 of 114 



67/114 




Title: Evolving New Molecular Function 

Inventor: Liu et ah 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 68 of 114 



68/114 



< 

CO 




J2 c 

c O 

CO ^ 

CNI C 

T- O 



CO z 

x o 

Q 3 co 

LU in Z 



< 




00 


00 






CD 


O 




LL 




Title: Evolving New Molecular Function 

Inventor: Liu et at. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 69 of 114 

69/114 




Title: Evolving New Molecular Function 

Inventor: Liu et al. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 70 of 114 

70/114 




CM 






cd 


CO 


c 








CD 




CD-I 


CL 


CN "O 






O c 






Q_ CD 






rO 






CO 






"CD iS 






<D O 






CL CO 






CD CD 

L. 1_ 




_ I— 

u o £ 

co c 

E o^- c Q) 



Q -o >2 c2 a) 

<n eg 
^,8 5 °~ 52 

|-Q_ Q_- 



3 <D 



0) O c 
CD C ' 

CO 




CN CN 
^ Q_ CO t- Q_ CO 

tCL Q_- 



CN CN 

CD CD 

\ -j ^ n CO t— p| CO 

CL Q.-H-Q- CH 





o 

hLU <-H-Ll- 



Title: Evolving New Molecular Function 

Inventor: Liu et al. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 71 of 114 

71/114 




CD (3 O 

U_ U_ LO 

Li. 



Title: Evolving New Molecular Function 

Inventor: Liu et al. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5). 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 72 of 114 



72/114 



0 £ 
<D c: 

55" - 

1 CD 
CD « 

o i2 

CD X 

^ o 
cr-p 

CD 

CO g 



o 



X 

CO 



CM 



o-2 

O CD 
CD ^ 

CO o 

i§ 

o a 
c: cd 

CD 

"c5 




CO 

o 




Title: Evolving New Molecular Function 

Inventor: Liu et al. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 73 of 114 



73/114 




Title: Evolving New Molecular Function 

Inventor: Liu et al. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 74 of 114 

74/114 



dC) 



Start Monomer 



.A 



covalently-intact template DNA strand 



o-NBOC 
HN 




Photocaged primary amine ^ HO 



Starting string of dCs provides 
good initiation and a site for 
PCR priming with oligo-dG 



IVIf-* % 

prevents premature ^ir>\ O 
initiation of carbamate ^l^L^^^O 
polymerization 



Every 2 nucleotides 
encodes one dicarbamate 
"monomer"; this provides 
Is^N— F> _ CT ^Y^^— Bi' Bi' 14 functional codons, 




Extend Monomers 



1 start codon, 1 stop 
codon 



B 2 " , "B 2 ' 




N^O HO 

N "r 2 ^ O" 
H TBSO. 




/ H TBSO q 




Stop Monomer 



0< 



.0' 



biopolymer 
polymerization 



photodeprotect ^ ^ 



1 p-Sr* 



o-ro- 

MeO 



O 




A— T 



FIG. 52 



Title: Evolving New Molecular Function 

Inventor: Liu et at. 

Serial No.: 10/643,752 

A tty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952I35US 

Sheet 75 of 114 

75/114 



covalently-intact DNA double helix 




FIG. 53 



Title: Evolving New Molecular Function 

Inventor: Liu et al. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 76 of 114 

76/114 



covalently-intact DNA double helix 

\ 



Phosphate 
elimination may be 
driven by the resulting 
J\- - - release of phenol 




selection 
• or • 

ester cleavage followed 
by PCR amplification, 

DNA mutation, 
or DNA sequencing 



5' 3' a 

AcN ny\/>y\y\y\/\/\/\ C02ii"i»miiiiiiiiiiiiiiiiOMe 

carbamate encoding DNA 



A— T 



FIG. 54 



Title: Evolving New Molecular Function 

Inventor: Liu et al. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 77 of 114 



77/114 



template 

bases 9-18 / vnmaiioc 1 ^ EDC sN| _, s pH g Q 

v/iTk yflv yiTii i^/N A. 1 " 4 2 ) streptavidin beads, 
^N^'V^JMiVf^^Y^N^ then pH 11.8 buffer 

biotin / O H O ► 

HN^O^^cj^s^O^N^^ step 1 



o o o o 



template 

bases20-29 , .NHAlloc 1 } EDC sNHS pH g Q 

3 ,4 ^,,j^'flVj]T\ rfl \,,u — N ^J^A^^NHo 2) streptavidin beads, 

0 JJ -^ N Y^^Slf 2 then Nal0 4 buffer 

blot,n OH ° H W 3)Na 2 PdCI 4 

HO^^-NH ^ ste P 2 
OH 

template 

bases 21-40 . . NH 2 1 ) EDC, sNHS, pH 5.0 

3WITK^IV ^ffk H W^O 2) streptavidin beads, 

^WMIxt - Mjr \l^ N v /N > k ,AA then pH 8.0 buffer 
biotin Ph T N 



-Ar-F-^p ° N-^° step 3 

HN_ ©L 



^OH 



O " O 

O. 



3 ,< %*/%l/%V-NH WlJH W NH 



O' NH ° 



macrocyclic 0= ^^ o 
fumaramide liflL IL^^. 
library ^^nh^T 




FIG. 55 



Title: Evolving New Molecular Function 

Inventor: Liu et at. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 78 of 114 




78/114 

c 
o 

"is 2 

O 



CO 



CM 

0£ 



n^O sO x^O vp \P sP V..P vP >^p >0 

© ,,,s, 0 Ss O*"* 0 s * 0 s * 0 s 0 s "* 0 s " 0 s "* O^*' 0 s * 

ooooooooooo 

0)0)0) 0)0)00 00 00 00 00 (0 

I I I I I I I I I I I 



333^ u3 u^g 

<<<>— I>_J<-Jg2.0l 



JO 

< 



CO CO 

^L^L CD CD 



CD 



CD 



-^J3 co co o^-c .c < sz 

< 



^ _ CD CD - 

_^>_co i5cocococo-c:x:<_ 
0<0>>>CLCLOCL 



CQ 



CD 





CD 

m 



o CD 



06 
X 



O 

CO 



Title: Evolving New Molecular Function 

Inventor: Liu et al. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 79 of 114 

79/114 




Title: Evolving New Molecular Function 

Inventor: Liu et al. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 80 of 114 



80/114 



NH Alloc 



H^OC^NH 2 



set of 
codons 



5' - TCX334CGTGTXXXXXX& 3' 5' P- TCA GXXXXXX GT AG4CATQC- 3' 
3' - AGCC7GGAGAXXXXXXC7G4- 5' P 3' - CXXXXXXG A TCTGT ACG- 5' 

MW 2 2h 4h 
5' P- 4GT CXXXXXX C min 
3' - GXXXXXX GAGT- 5' P 



NHAIIoc 



T4 DNA ligase 
> 85% yield 



H^IOC^NH 2 (SEQ ID NO 31) 

5' - TCQ34CGTG7 XXXXXX GAG7Q<XXXXXC7C^GKXXXXXGTAGACATQC> 3' 
3' - AQCCrG^GAXXXXXXCrGAGXXXXXXGAGTCXXXXXXGA TCTGT ACG- 5' 



I 



T7 exonuclease (cannot 
degrade synthetic 5' end) 



HNOC 



r 



sfep 7 
m nmk reagent 
[=) A annealing 
region 

A 



,NHR 

4 

NH 2 



step 2 step 3 

reagent reagent 

annealing annealing 

region region 

A . . A 



5' - TOGG4CG7" GT^QQQQQ^GAGTUX^QQQQ^CTOAG&QQQQQiGT" AGACATGG 3' 



Dofel 



AccI 



PCR primer 
binding site 



PCR primer 
binding site 



FIG. 58 



Title: Evolving New Molecular Function 
Inventor: Liu et ol. 
Serial No.: 10/643,752 
" Atty Docket No.: LS5-001 (9792/5) 
Atty/Agent: Brian A. Fairchild 
Express Mail Label No.: EL932952135US 
Sheet 81 of 114 

81/114 



biotin' / H ko v OH O 



1) EDC, sulfo-NHS 

2) capture on avid in beads 
>60% yield 



HN 





O OH 



O OH 



H / \ H 
biotin' ' H O x fg OH O 



NH 



Nal0 4 , pH 8.5 
60-100% yield 



I 



H 




FIG. 59 



Title: Evolving New Molecular Function 

Inventor: Liu et al. 

Serial No.:. 10/643,752 

A tty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 82 of 114 



82/114 



< H 



base 



?2 H 



base 



R 3 
'N A Y 



base 



1-6 



X, Y = groups for coupling (see Fig. 1) 
R = 






HN^N // \\ 




NH 2 




Fe 



/— ' NH SH 



FIG. 60 



Title: Evolving New Molecular Function 

Inventor: Liu et aL 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 83 of 114 

83/114 



. I I I i I 5'-Y random DNA region hO-3'-i-i-|x 

( I I I I I 1 1 1 1 I I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 I 1 1 I 1 1) 



Rn/Rm i DNA-templated 



/ K ry K m I 



monomers x-^^f-Y | polymerization 



^R^R^R^R^R^R^R^R^R^R H Q -3' 



I 

^ V» hai 



(optional: couple R groups to form 
a new synthetic polymer backbone) 



denature 
DNA polymerase 
dNTPs 



yfTMTlylTK/<^ 
Hl>w\j>w\j>\i>\^ 

synthetic polymer v& *' hairpin DNA template 

FIG. 61 



Title: Evolving New Molecular Function 

Inventor: Liu et al. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 84 of 114 



84/114 




Title: Evolving New Molecular Function 

Inventor: Liu et at. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 85 of 114 



85/114 




Title: Evolving New Molecular Function 

Inventor: Liu et al. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 86 of 114 



86/114 



c 
o 

3 

JO 
CL 

E 

<D 



>» 

CO 
< 



o 

(0 

c 
o 



CD 

>* 
-C 
(D 

CO 

< 



+ 

o ° 



0) ^_ 

^ o 

CO -*-> 

<§ 

CL § 

I g- 

+ o 



o 

O 
O 

ii 



o 

(0 



o 



O 

o 
I- , 

<< 

II 



II 



0) c ti o 



E 



II 

o 



o 3 

o -5 
co s 
2 o) 

n 

LU 



0) 
JO 
CL 

E 

CD 



X 



CO 
I 

o 
i- 
o 
< 

1 

Co 
11 



CD 

£ </) 
o c 
o 

o> o 
'a) o 

*4— <D 
O CO 

®5 

t- 1 
O «fr 

II 



O 
I- 

z< 

II 

m 
o 

11 



■I < 



0)3 =3 CD 

CTJ 05 T3 "q^ 

(DP Op c" 

Ia§a§ 

2 * ~ 



O 
O 

o 
11 



o 
o 

11 



o 
o 

II 



o 
o 
o 

<■ 

II 



II 



* I UJ 

r, 0 



m 0 
II s 



I o 

J 5 

I'- 
ll s 

I- 

0)3 ^2 D CO 
C"D C0T3 "q_ 
(DO OO c" 



Title: Evolving New Molecular Function 

Inventor: Liu et al. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 87 of 114 



87/114 



u 

"u 

CD 
Ol 
CO 



<: 

fD 

CU 

4-J 

E 
o 

4-J 

c 

CU 



to 
cu 

_ru zj 
4-> 
u 

i_ 

CO 
X 

_cu 

Ql 

E 

o 
u 

o 



CO 

c 



03 



O <^ r- 

.E ^ ™ 
— co X) 

ojro o 
q>8 



CL 

E 



cp u 



ru 



.2 ft 



•w ... U 

o y 



o 




ru 

(U 

CL 




CO 

4-* 

c 

cu 

E 

CU 
1_ 

CT 

<D 



c 

o 

4-J 

N .2 

CU 2 

I| 

o t 
™% 

;> «r 

— to 
-o <u 

cu o 

4-J H 

U J3 
3 U 
T3 CU 

s 

ru _to 
c ru 
.2 

fD 

^ E 
■- £ 

C "lO 
CU CU 
Q) "O 

4-J O 

cu viz 

■° c 

cu o 

4-J 

fD CJ 
_^ <u 

.E a5 
_i to 



CU 

4-J 

fO 

5 



CT = 
o V) 

4-J . . 

t < 
ru g 



o 

tO 4-J 

CT S 

E ^ 
o 

CO 



< 

CO 

CD 



ru 

CL 

E 

_ o 
ru <-> 



u 
ru 



ru 
u 

E 

cu 



u 
CU 

E 0 
I 



Title: Evolving New Molecular Function | 
Inventor: Liu et at. 
Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) | 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 88 of 114 



88/114 




Title: Evolving New Molecular Function 

Inventor: Liu et at. j 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 89 of 114 




Title: Evolving New Molecular Function 
Inventor: Liu et a!. 

Serial No.: 10/643,752 , 
, Atty Docket No.: LS5-001 (9792/5) 
Atty/Agent: Brian A. Fairchild 
Express Mail Label No.: EL932952135US 
Sheet 90 of 114 

90/114 



o 




Tit ^Sa^^^ h ^ -Molecular Function 
InvemcW ^iu ei al " " 
SeriaMgf 'f5/S43i752 
Attv^cicettHJo.: tSB^bOl (9792/5) 



Atty/wg^^. Brian A. Rairchild 
EipressfRSmi Label No,: EL932952135US 
Sheet M ot 1,14 



91/114 



oo 

CD 

(3 




Title: Evolving New Molecular Function 

Inventor: Liu et al. 
• Serial No.: 10/643,752 
I Atty Docket No.: LS5-001 (9792/5) 
► Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 
^Sheet 92 of 114 



92/114 




ctl in 



w .-aL 



cl a. 






CM 

X 



CO 



rvj 
X 



X 

o 

LU ^ 



CD 

CD 




00 

o 
u 

rsi 



LD 
LO 




- U CM 



CO 



CM 



CO 



(U 



c 
u 

ZJ 

CO 

o 
o 



LI_ sO 

Q oo 




U 
O 

CL 




u 

X 

z 

rsj 



Title: Evolving New Molecular Function 
j Inventor: Liu et al. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Jtairchild 

Express Mail Label No.: EL932952135US 
\ v Sheet93of 114 . " "' r ' 



93/114 

(N 

X 




Title: Evolving New Molecular Function 

Inventor: Liu et al. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 94 of 114 

94/114 




Title: Evolving New Molecular Function 

Inventor: Liu el al. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 95 of 114 




r 

. al 



X 

aL 



:-ai 



<u 
u 

-Q 
fD 



CO 

i 

o 



Y 

CO 



u 

u 
CO 

4J 
no 
u 

i— 
CO 



6 s 
O 



rsi 




i 

<U 

in 

-is 

>< Q. 
O if) 
O) o 
T3 JZ 
CL 



o£ ID 



95/114 



o x 

<D O - 
Z 0)9: 

n 2 
O n . 
U Q -f 

s: 

M rs Q- 

2 qT 0 - 



rs 

w 
i 

fM 

m 



CL- 
O- 
TS 

Ql 

C 
CO 

<U 



<u 
c 

03 
X 

o 



z: t/> 
^x 
II 

rsi 
X 



CL 



T3 — 



c rsi 
CO ^ 

^ i 

™ 2 

CD* ^ 
c - 
no CO 

O «r 



CU 



cu 



O 

-L- fM 



CO 
Q 



X 



X 

o 

cu 



rsi 



10 



CD 



<0 



-I- -i- (N 

th o 

•■ ^ II u ^ 

cu ^ x 

II II H CO II || 

a: al al al 



UJ jD 



c 
E 

CO 



II 

a: 



fD -Q U 



D OJ u- 



<u 

CO 

o 



X 

o 

<U 
T3 
i 

CN I 
II L 

al 



/ 




CU 



cu 



II 

al 



I Title: Evolving New Molecular Function 
Inventor: Liu et ol. 
Serial No.: 10/643,752 
Atty Docket No.: LS5-001 (9792/5) 
Atty/Agent: Brian A. Fairchild 
Express Mail Label No.: EL932952135US 
Sheet 96 of 114 i 



96/114 




. Title: Evolving New Molecular Function 
Inventor: Liu el ai. 
Serial No.: 10/643,752 
Atty Docket No.: LS5-001 (9792/5) 
Atty/Agent: Brian A. Fairchild 
Express Mail Label No.: EL932952135US 
Sheet 97 of 114 



97/114 




CO 



Title: Evolving New Molecular Function 

Inventor: Liu et al. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 98 of 114 

r ~ 

98/114 



CsJ CO 
CO CO 

d d 



CO 



9 9 

a a 

LU LU 

CO CO 



CD ^ co 
CX3 2 rQ 

■q Z 



2 
o 

o 
o 

CM 



CD 



CD 



in 



co 

CM 

X 



CO 



C/) 

CD Q_ 

o "a 



o 



h- Q 

CD CD 

cd CD 

CD o 

O o 

I— <£ 

o p 

s? s 

< o 

I — <f 

s * 

o 
cd 

CD 



o 
■ 

uo 



Q_ 0_ 



cn 

I-g 

co a> 

E i 
n 



1 * 



-a </> ~ 

CO 03 2 

^■e eg 

CD 

> 12 

2 > 
E 

a> x: 



CD 
CD 
CD 

§ 

CD 
CD 



.§ 

o 
to 

CD 
CO 



CO 

a? 



CD 
O 

§ 

CD 
O 
O 
CD 

§ 

CD 

I 

CO 



Title: Evolving New Molecular Function 

Inventor: Liu et aL \ 

Serial No.: 10/643,752 \ 

Atty Docket No.: LS5-001 (9792/5) ; 

Atty/Agent: Brian A. Fairchild - \ 

Express Mail Label No.: EL932952135US 

Sheet 99 of 114 



99/114 




Title: Evolving New Molecular Function 

Inventor: Liu et al. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 100 of 114 

100/114 




Title: Evolving New Molecular Function 

Inventor: Liu et at. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 101 of 114 

101/114 




Title: Evolving New Molecular Function 

Inventor: Liu et al. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 102 of 114 



102/114 



o ^ SH H o 

= U U Ul 



NHU H O H 



1 



H ° l~H ° 

o V H o V H 




O u O 



1 ° H HN^° 



SMe J J J 

HN N 5 
H 

O Ph H 

H 2 N'x G 3 J- / Y^l 

HN^ HN 6 Vj^ 

J J 

HN^NHs HN^NH 2 



DNA-linked 
molecule 


target 
protein 


predicted 
activity 


enrichment 
factor 


sensitivity 
(mol) 


1 


glutathione 
S-transferase 


Ka = 10jiM 


2,500 


10- 20 


3 


carbonic 
anhydrase 


K 6 = 0.9 nM 


330 


10- 20 


4 


streptavidin 


K d = 40 fM 


4,400 


10 -18 


5 


papain 


IC 50 = 14/iM 


64 


10 -16 


5 


chymotrypsin 


IC 50 = 290 nM 


76 


10 -16 


6 


papain 


IC 50 = 270 nM 


98 


10 -18 


6 


trypsin 


K^ = 100 nM 


125 


10- 17 



FIG. 79 



Title: Evolving New Molecular Function 
Inventor: Liu el al. 
Serial No.: 10/643,752 
| Atty Docket No.: LS5-001 (9792/5) 
Atty/Agent: Brian A. Fairchild 
Express Mail Label No.: EL932952135US 
Sheet 103 of 114 



103/114 



CO 
CD 

SZ .Q 
<D CD 

■9 -° l! ^= 
5 oco tc 
o SO 5 

i- CM CO 



i \ 



!.£ 

E 5 

CO 

nr ^ 
LJL d) 

O O 

CL =6 



CI 




CO 



o 

CO 
0) 

o 
a> 

o 

E 

a> 
c 

iS 

00 



E 




CO 

O O 



fclOd lOJiuoo 
ejeidiuei ou 



0) 



Title: Evolving New Molecular Function 

Inventor: Liu et al. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 104 of 114 

104/114 



O Ph H 

%T*^ Hind III carbonic 

H 2N % Q anhydrase 

H binding 

hh ^^ N ^ii/ T \ 1 i/ (A\ (3):(4)<1:200 

NoU O ^ W (4) (round 1) 

o=< Tjs 

H B (3):(4)=1:1, 000,000 



select for 
carbonic 

anhydrase 
binding 

» 

(round 2) 



(3):(4)=1:3 
(330,000-fold net 
enrichment) 



select for 
carbonic 

anhydrase 
binding 

» 

(round 3) 



(3):(4)=5:1 
(5,000,000-fold 
net enrichment) 



CO f= 

§,8 

= <D 

55 



15 

CD 

1,3 15 



(5 _ 

CD ^ 
T3 o C 



5^8 



W 
CD 



= - •- = 8 — = £ .9 



1® 

a: Is 



1 
8 




DNA encoding (4) 
DNA encoding (3) 



FIG. 81 



Title: Evolving New Molecular Function 

Inventor: Liu el al. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 105 of 114 



van 
HN X*f 




(4) 



105/114 



H 2 N n ^O 



H H 



BamH I 



° H HN^ ° 



(5) 



HN^N 
H 



° H T 9 H H ° 



Pwi II 



h\Vn\ n y n v A nAXV 

J o H J o viL 

HN^NHo HN^NHo 



(6) 



■o _ 

CD ~ 
CD 

O) CtJ 

x5 QQ 



■o 

0) 

00 = 
CD ^ 



■a _ 

CO -£= 
CD fc 
O) Ct$ 

■6 CQ 



CD ~ 
CD 

O) 03 



■o _ 

CD ~ 

CD fc 
O) CTJ 
T3 CD 



(4) 



x: i 

CD __ 

a? £ 
O) ca 
CO 



(4) 




(5) (5)+(6) (5) (5)+(6) 



before 
selection 



after papain 
affinity selection 



after papain 
specificity 
selection 

ratio after 



uncut 
DNA 

digested 
DNA 





IC 50 for 
chymotrypsin 10c 


ICsofor 
papain 100 


initial 
ratio 


papain affinity 
selection 


specificity 
selection 


(4) 


>500 jM 


>500 jM 


24 


1 


1 


(5) 


0.29 /M 


14 /M 


4 


12 


1 


(6) 


>500 /M 


0.27 //M 


1 


12 


>10 



FIG. 82 



Title: Evolving New Molecular Function 
Inventor: Liu et a/. 
, Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 
Atty/Agent: Brian A. Fairchild 
Express Mail Label No.: EL932952135US 
Sheet 106 of 114 

106/114 




Title: Evolving New Molecular Function 
/ Inventor: Liu et aL 
. Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 107 of 114 

107/114 



■ ■ > 



0.^ W CD 

r §2 = 



o 



■o 

O 



UOjP8|3S puooes 
J9WB UOd 

io isa&p hi pu/H 

U0!109|9S 

*o isa&p in pu/H 



pise&pin pu/H 



jsppei dqoi- 



< S 

T I 





Title: Evolving New Molecular Function 

Inventor: Liu et al. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 108 of 114 ) 




Title: Evolving New Molecular Function 

Inventor: Liu el al. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 109 of I 14 



109/114 




Title: Evolving New Molecular Function 

Inventor: Liu et al. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 110 of 114 

110/114 




1) combine with or 
without Cu+ 

2) select with avidin- 
linked beads 

3) PCR amplify survivors 

4) double digest with 
Mse I (cleaves A2) 

i ' & 7sp45 I (cleaves B4) 




* 



12 3 4 



FIG. 87 



Title: Evolving New Molecular Function 

Inventor: Liu et at. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 111 of 1 14 



111/114 



00 



CM 

00 



CO 

00 



CO 



m 
00 



to 
00 



00 



oo 
CO 





00 

+ e 

CM O 

< s 

O "O 
■+-> 03 

c o 

0) o 

£ >» 
.9 c 

<u eg 

"O 'Z3 
i 

CNJ 



OO 

oo 



Title: Evolving New Molecular Function 

Inventor: Liu et at. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

Sheet 112 of 114 



112/114 




CO 

CD 



Title: Evolving New Molecular Function 
Inventor: Liu et al. 
. Serial No.: 10/643,752 
Atty Docket No.: LS5-001 (9792/5) 
, Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 
Sheet 113 of 114 

113/114 





4' 


T 

V 


5' 




8' 




V 








6' 




9' 






COMBINE UNDER 
ANNEALING CONDITIONS & 
WASH AWAY UNBOUND 
MATERIAL 



DETECT 



BOUND (p^AND^pT) 



FIG. 90 



Title: Evolving New Molecular Function 

Inventor: Liu etai. 

Serial No.: 10/643,752 

Atty Docket No.: LS5-001 (9792/5) 

Atty/Agent: Brian A. Fairchild 

Express Mail Label No.: EL932952135US 

SheetJ14ofl!4 

114/114 



Q Q 

LU — I 

CL Z 

S O 

h" o 

< < 

Z LLJ 

Q C£ 









^8 






















LO 




O 


to 


CO 




LO 


op 


op 


CJ) 








O) 


LO 




1 

o 


1 

LO 


i 

CO 


i 


1 

LO 










LO 


LO 





o 

CD 



CD 
CO 

>- 



■o 










■o 


T3 














a 


1 


1 


i 




i 


1 




00 


CD 


CO 




00 


o 


CN 




1^. 


LO 




CO 


CO 


Osi 



o 

CD 



r c r 




o 



CD 

CD 





o x 




